3 Novozymes A/S At the recent United Nations Climate Change conference (COP21) in Paris, France, a renewed focus was placed on the reduction of greenhouse gas emissions with 195 countries agreeing on a plan to endeavor, to hold the global warming effect at less than 2 °C by 2020. In order to achieve this target, carbon capture technology for post combustion power plants will firmly remain part of the solution. CO2 capture in absorption towers with monoethanolamine (MEA) solvent, has to date been the most investigated technology. Although MEA has a fast CO2 absorption rate, its use results in issues including corrosion of equipment, high regeneration energy and degradation which results in environmental problems from release of degradation byproducts. MDEA (N-methyldiethanolamine) is a good alternative as it has a lower energy requirement for solvent regeneration at the desorption stage, is less corrosive and has greater chemical stability. The slower reaction rate (absorption of CO2) is the major drawback of such solvents. This drawback can be overcome by adding a catalyst. Since it is known that the enzyme carbonic anhydrase (CA) catalyzes CO2 fixation in nature by hydrating CO2 to bicarbonate, this efficient biocatalyst is used to enhance the CO2 absorption rate [1] . In a membrane contactor the advantages of absorption technology and membrane technology are combined [2] , as direct contact b y m i x i n g o f the solvent and gas feed stream i s avoided. Operation problems which are observed in absorption columns such as foaming, channeling and entrainment are minimized by means of the well-defined contacting area in the MC. The possibility of independent control of gas and liquid phases may i n a d d i t i o n give very convenient operation flexibility. As is the case with a membrane system the membrane contactor process can be easily up-and down-scaled by changing the number of modules. In contrast to membrane technology where nonporous membranes are used (subsequently the permeance and selectivity are limited with trade-off), the membrane contactor uses microporous membranes which can considerably enhance the gas permeance without selectivity consideration since the solvent can take CO2 exclusively (selectivity is ideally infinitive). However, if the membrane pores are filled with the liquid (wetted), the mass transfer resistance of the CO 2 through the membrane becomes significant, resulting in economically unviable operation. This wetting tendency is a result of combined properties of membrane (hydrophobicity)-absorbent liquid (surface tension).
Enzyme carbonic anhydrase accelerated CO 2 At the recent United Nations Climate Change conference (COP21) in Paris, France, a renewed focus was placed on the reduction of greenhouse gas emissions with 195 countries agreeing on a plan to endeavor, to hold the global warming effect at less than 2 °C by 2020. In order to achieve this target, carbon capture technology for post combustion power plants will firmly remain part of the solution. CO2 capture in absorption towers with monoethanolamine (MEA) solvent, has to date been the most investigated technology. Although MEA has a fast CO2 absorption rate, its use results in issues including corrosion of equipment, high regeneration energy and degradation which results in environmental problems from release of degradation byproducts. MDEA (N-methyldiethanolamine) is a good alternative as it has a lower energy requirement for solvent regeneration at the desorption stage, is less corrosive and has greater chemical stability. The slower reaction rate (absorption of CO2) is the major drawback of such solvents. This drawback can be overcome by adding a catalyst. Since it is known that the enzyme carbonic anhydrase (CA) catalyzes CO2 fixation in nature by hydrating CO2 to bicarbonate, this efficient biocatalyst is used to enhance the CO2 absorption rate [1] . In a membrane contactor the advantages of absorption technology and membrane technology are combined [2] , as direct contact b y m i x i n g o f the solvent and gas feed stream i s avoided. Operation problems which are observed in absorption columns such as foaming, channeling and entrainment are minimized by means of the well-defined contacting area in the MC. The possibility of independent control of gas and liquid phases may i n a d d i t i o n give very convenient operation flexibility. As is the case with a membrane system the membrane contactor process can be easily up-and down-scaled by changing the number of modules. In contrast to membrane technology where nonporous membranes are used (subsequently the permeance and selectivity are limited with trade-off), the membrane contactor uses microporous membranes which can considerably enhance the gas permeance without selectivity consideration since the solvent can take CO2 exclusively (selectivity is ideally infinitive). However, if the membrane pores are filled with the liquid (wetted), the mass transfer resistance of the CO 2 through the membrane becomes significant, resulting in economically unviable operation. This wetting tendency is a result of combined properties of membrane (hydrophobicity)-absorbent liquid (surface tension).
In this study, the possibility of employing the enzyme carbonic anhydrase (CA) for the acceleration of CO2 reaction in MDEA in combination with the use of a membrane contactor was investigated in a lab scale module. The membranes employed in this study were microporous and specifically chosen to have both hydrophobic (bulk) and hydrophilic (surface) properties in order to avoid wetting of solvent and reduce fouling from the enzymes simultaneously. The feed gas consisted of 15vol.% CO2 and 85 vol.% N2 representing flue gas from coal-fired power plants. The feed gas pressure was varied from slightly higher than atmospheric to ca. 2bar to investigate if the pressure matters meanwhile the concentration gradient is usually considered as the m a j o r driving force in the membrane contactor concept. The solvents used for this study were 30wt% MEA and 30wt% MDEA for comparison where a small amount of the enzyme was added. The enzyme carbonic anhydrase used in this study was supplied by Novozymes A/S (Bagsvaerd, Denmark) as an extracellular protein of microbial origin [3] . The influence of the solvent holdup time (contact time) was studied and the enzyme activity over a test period of one week was also noted. In addition the possibility of the enzyme deployment for desorption at mild temperature range (below 70 o C) was investigated. The results showed significant acceleration of CO2 reaction in 30wt% MDEA when enzyme was added to membrane contactor system while the reaction was not accelerated in 30wt% MEA solution.
